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ALSCHULER GROSSMAN STEIN & KAHAN LLP 
Terry D. Garnett(No. 151212) 
Vincent K. Yip (No. 170665) 
Peter J, Wied (No. 198475) 
Maxwell A. Fox (No. 200016) 
Sang N. Dang (No. 214558) 
The Water Garden. 
1620 26th Street 
Fourth Floor, North Tower 
Santa Monica, CA 90404-4060 
Telephone: 310-907-1000 
Facsimile: 310-907-2000 



Attorneys for Defendants 
Acer Incorporated and Acer America 



Corporation 
UNITfcD STATES DISTRICT COURT 
NORTHERN DISTRICT . 
KN FRANCISCO DIVISION 



SEMICONDUCTOR ENERGY I 
LABORATORY COMPANY, LTD., 



Plaintiff, 



vs, 



ACER INCORPORATED, ACER 
AMERICA CORPORATION, and 
OPTRONICS CORPORATION, 

Defendants. 



AU 



Corporation (collectively "Acer") 



CASE NO. C 02-02800 WHA 

ACER INCORPORATED AND ACER 
AMERICA CORPORATION'S 
PRELIMINARY PROPOSED 
CONSTRUCTIONS OF IDENTIFIED CLAIM 
TERMS 



Pursuant to Patent Local Rule 4-2(a), Acer Incorporated and Acer America 



lereby submits its preliminary proposed construction of each 



claim term, phrase, or clause which the parties collectively have identified for claim construction 



purposes pursuant to Patent Local 



Rule 4-1. 
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j Acer's preliminary proposed construction 



Non-single crystal 
semiconductor 



"Non-single 



1 crystal semiconductor" means 
'semiconductor material having lattice 



strain. 



Extrinsic evidence 



Intrinsic 



Channel region 



means 1 



"Intrinsic" 
semiconductor 
carrier cone 
of that material. 



that the non-single crystal 
material has the charge- 
intration of a pure, ideal crystal 



"Channel re 
path 
regions 



. connecting 



( *A semiconductor whose 
charge-carrier 
concentration is 
substantially the same as 
that of the ideal crystal." 
IEEE Standard Dictionary 
of Electrical and 
Electronics Terms, Six:h 
Edition. 



gion" means "the surface current 
the source and drain 



"A surface layer of carriers 
connecting source and 
drain in an insulated-gate 
field-effect transistor." 
IEEE Standard Dictionary 
of Electrical and 
Electronics Terms, Sixth 
Edition. 
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U - I/-S, PATENT \Q. 6.404^ *0 




Second interlayer 
insulating film 
having at least two 
openings 



Acer's preliminary proposed construction 



reiijni 

"at lea 



\ The term "at least two openings" means "two 
I holes in the dontact structure located in the 
common contact portion. " 



Extrinsic evidence 
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TTT U.S. PATENT NO. 5,929^ 


527 

! 
i 




Claim term 


Acer's preli 


jninary proposed construction 


Extrinsic evidence ; 


The film made of 
aluminum or a 
material containing 
aluminum as a 
principal 

component contains 
oxygen atoms at a 
concentration of 
8xl0 18 atoms-cm" 3 
or less, carbon 
atoms at a 
concentration of 
5xl0 18 atoms-cm ° 
or less, and 
nitrogen atoms at a 
concentration of 
7xl0 17 atoms-cm" 3 
or less 


This phrase i 
concentratioi 
8x1-0' 9 atom 
film contain! 
component, 
carbon cann< 
any point in 
aluminum as 
maximum cc 
exceed 7x10 
thin film cox 
component.* 


: aeans "the maximum 

ci of oxygen cannot exceed 

•cm"'* at any point in the thin 
ng aluminum as a principal 
he m aximum concentration of 
)t exceed 5xl0 l * atoms-cm' 3 at 
'he thin film containing 

a principal component, and the 
>ncentration of nitrogen cannot 
17 atoms *cm° at any point in the 
Ltaining aluminum as a principal 


i 

i 

i 

'.} 

] 
i 

: 
■ 

• 

• 1 

— ■ r 
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TV TT S PATENT NO. 6.404,* 


i 

i 
i 

476 


Claim term 


Acer's preli 


ninary proposed construction J Extrinsic evidence 


Wherein said 
conductive - . 
adhesive extends 
lengthwise beyond 
each end of the first 
and second 
electrodes 


The term "ft 
electrode stn 
for conductii 
teim "seconc 
strip contain 
driving signs 


rst electrode" means "an 

p formed on the first substrate 

lg electrical current" and the 

1 electrode" means "an electrode ~ 

ed in the circuit for supplying 

ds." 

. 


ij 

i 

1 

) 


Each end of said 
first electrode and 
said second 
electrode is 
completely covered 
by said resin in a 
lengthwise 
direction 


The term "fi 
electrode str 
for conducti 
term "secon 
strip contair 
driving sign 


ret electrode" means "an 

ip formed on the first substrate 

rig electrical current" and the 

i electrode" means "an electrode 

ed in the circuit for supplying 

als." 


r I 

L 

i 



ALSCHULER GROSSMAN STEIN & KAHAN LLP 



By_ 

PETER J. WIED 
Attorneys for Defendants 

Acer Incorporated and Acer Amenca Corporation ; 
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DATED: January^ 2003 
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the 



I am a resident of 
party to the within action. My 
Water Garden, 1620 26th Street, 
4060. On this 27th day of January, 



PROOF OF SERVICE 



State of California, over the age of eighteen years, and not a 
busihess address is Alschuler Grossman Stein & Kahan LLP, The 
Fqurth Floor, North Tower. Santa Monica, California 90404- 
2003, 1 served a true copy of the within documents: 



ACER INCORPORATED AND ACER AMERICA 
CORPORATION'S 
CONSTRUCTIONS 



0 



by transmitting via 
forth below on this 
The above transmission 
hereto is a copy of t 
by the transmitting 



facsimile the document(s) listed above to the fax humber(s) set 
date before 5:00 p.m. I 
ion was reported as complete and without error. Attached 
ie respective transmission report, which was properly issued J 
facsimile machine. [ 



0 



by placing the docu|nent(s) 
fully prepaid, in the 
set forth below. 



by placing the document(s) 
delivery charge prepaid, 
facility regularly 
Express. 



by personally delivering 
address(cs) set forth 



PRELIMINARY PROPOSED 
OF IDENTIFIED CLAIM TERMS 



I 



» V .» N ./ listed above in a sealed envelope with postage thereon 
United States mail at Santa Monica, California, addressed as 



^, listed above in a sealed envelope, with the overnight 
addressed as set forth below, and deposited in a box or 
maintained by the overnight delivery service carrier, Federal 



ihe document(s) listed above to the person(s) at the 
below. 



Laurence H. Pretty 
Jai H. Rho 
William H. Wright 
David Ben-Meir 
HOGAN St HARTSON 
500 South Grand Avenue, Suite 1900 
Los Angeles, CA 90071 
Phone: 213.337.6700 
Fax: 213.337.6701 



Jerold S. Solvy, Esq. 
JENNER & BLOCK LLC 
One IBM Plaza 
Chicago, IL 60611-7603 
Phone: 312.222,9350 
Fax: 312.527.0484 



Samuel B. Shepherd, Esq. 
QUTNN EMANUEL URQUHART 
OLIVER & HEDGES, LLP 
555 Twin Dolphin Drive, Suite 
Redwood City, CA 94065 
Phone: 650.620.4500 
Fax: 650.620.4555 



560 



I am readily familik with the firm's practice of collection ^ d P r< f T e i sm S , 
correspondence for mailing. Under that practice it would be deposited with the Postal , 
ServS or fSSf same day with postage thereon fully prepaid in the ™^ 
amaware that on motto of the pity served, service is presumed ^^V^^ff 11 
date or postage meter date is more than one day after date of deposit for mailing in affidavit, 
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I declare thai I am employed in the office of a member of the bar of this court at 

whose direction the service was malde. 

j 
I 

I declare under penalty of perjury under the laws of the State of California that the 
above is true and correct. 

Executed on this 27Jh day of January, 2003. 
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QUINN EMANUEL URQUHART OLIVER & HEDGES, LLP 

Samuel B. Shepherd (163564) ! 

Victoria F. Maroulis (202603) 
555 Twin Dolphin Drive, Suite 560 
Redwood City, California 94065 
(650) 620-4500 ! 
(650) 620-4555 (Facsimile) 

JENNER & BLOCK, LLC 

Jerold S. Solovy (admitted pro hac vice) 

Donald R. Harris (admitted pro hac vice) 

Stanley A. Schlitter (admitted pro hac vicq) 

Terrence J. Truax (admitted pro hac vice) 
One IBM Plaza 
Chicago, Illinois 60611 
(312)222-9350 
(3 1 2) 527-0484 (Facsimile) 

Attorneys for Plaintiff 
Semiconductor Energy Laboratory Compajny, Ltd. 



IN THE UNITED SfTATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF CALIFORNIA 
SAN FRAKrCISCO DIVISION 



SEMICONDUCTOR ENERGY 
LABORATORY COMPANY, LTD, 

Plaintiff, 



v. 



CASE NO. C 02-02800 WHA 

SEL'S PROPOSED PRELIMINARY 
CLAIM CONSTRUCTIONS AND 
EXTRINSIC EVIDENCE 



ACER INCORPORATED, ACER 
AMERICA CORPORATION, and 
AU OPTRONICS CORPORATION, 

Defendants. 



Pursuant to Patent L.R. 4-2, Semiconductor Energy Laboratory Company, Ltd. 
("SEL") submits the following "Proposed Preliminary Claim Constructions and Extrinsic 
Evidence/' 

SEL's Proposed Preliminary! Claim Constructions and Extrinsic Evidence are 
based upon information that is currently available to SEL. As additional information may 
become available through discovery and through disclosures pursuant to the Patent Local Rules, 



SEL'S Proposed Preliminary Claim 
obstructions and Extrinsic Evidence 
asc No. C 02-02800 WHA 
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SEL reserves the right to amend and supplement its Proposed Preliminary Claim Constructions 

1 

and Extrinsic Evidence. SEL also reserves the right to amend and supplement its Proposed 

i 
1 

Preliminary Claim Constructions and Extriiisic Evidence once SEL has had an opportunity to 

I 

review Acer Incorporated' s, Acer America Corporation's and AU Optronics Corporation's 
Proposed Preliminary Claim Constructions bid Extrinsic Evidence. SEL further reserves all 
objection to the use of this document or any of the information referenced herein in this case or 
in any other case or proceeding. j 

Pursuant to Patent Local Rulle 4-2 and subject to the above limitations and 

reservations, SEL's Preliminary Claim Constructions and Extrinsic Evidence for the claim 

i 

terms, phrases, or clauses that the parties halve identified in their respective Proposed Terms and 
Claim Elements are as follows. 

i 
I 

U.S. Patent No. 6.404.476 



(1) The phrase 'Vherein said conductive adhesive extends lengthwise beyond each 
end of the first and second electrodes" should be construed to mean: wherein said conductive 
adhesive extends lengthwise beyond an end of the first electrode and an end of the second 
electrode. In addition to intrinsic evidence, SEL may rely on the testimony of Paul Kohl, Ph.D., 
who will testify that SEL's proposed claim construction, as viewed by one of ordinary skill in 
the art, is in accordance with the intrinsic evidence, including the prosecution history of the '476 
patent and any related applications, and any references cited therein. 

(2) The phrase "each end of said first electrode and said second electrode is 
completely covered by said resin in a lengthwise direction" should be construed to mean: an end 
of said first electrode and an end of said secjond electrode is completely covered by said resin in 
a lengthwise direction. In addition to intrinsic evidence, SEL may rely on the testimony of Paul 
Cohl, Ph.D., who will testify that SEL's proposed claim construction, as viewed by one of 
ordinary skill in the art, is in accordance with the intrinsic evidence, including the prosecution 
listory of the *476 patent and any related applications, and any references cited therein. 

5EL*S Proposed Preliminary Claim 
(instructions and Extrinsic Evidence 

asc No. C 02-02800 WHA -2- 
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U.S. Patent No. 6355.941 

(1 ) The phrase "non-single crystal semiconductor" (U.S. Patent No. 6,355,941) 
should be construed to mean: a semi-amorphous semiconductor, an amorphous semiconductor 
or a mixture thereof. In addition to intrinsic evidence, SEL may rely on testimony of Rafael 
Reif, Ph.D., who will testify that SEL's proposed claim construction, as viewed by one of 
ordinary skill in the art, is in accordance wijth the intrinsic evidence, including the prosecution 
history of the '941 patent and any related applications, and any references cited therein. 

(2) The term "intrinsic" (U.S. Patent No. 6,355,941) should be construed to mean: 
not intentionally doped with an efficient dopant. In addition to intrinsic evidence, SEL may rely 
on testimony of Rafael Reif, Ph.D., who wijll testify that SEL's proposed claim construction, as 
viewed by one of ordinary skill in the art, is in accordance with the intrinsic evidence, including 
the prosecution history of the '941 patent and any related applications, and any references cited 
therein, and that SEL's proposed claim construction, as viewed by one of ordinary skill in the 
art, is supported by the extrinsic evidence, including the following references: Nakano, Shoichi, 
et al. y "High Performance a-Si Solar Cells and Narrow Bandgap Materials," Mat. Res. Soc. 
Symp. Proc. Vol. 49 (1985); Kaneko, S., et al. t "Amorphous Si:H Heteroj unction Photodiode 
and its Application to a Compact Scanner," Mat. Res. Soc. Symp. Proc. Vol. 49 (1985); Suzuki, 
Kouji, et a!., "14 2/9:25 A.M.: High-Resolution Transparent-Type a-Si TFT LCDs," 146 SID 83 
Digest (1983); Nagayasu, T., et aL, "1988 International Display Research Conference - A 14- 
in.-Diagonal Full-Color a-Si TFT LCD" (1988); Ichikawa, K., et al. 9 "14.1: 14.3-in.-Diagonal 
16-Color TFT-LCD Panel Using a Si:H TFTs," 226 SID 89 Digest (1989); Martin, Russel A., et 
ai y "High Voltage Amorphous Silicon Thiri-Film Transistors," IEEE Transactions on Electron 
Devices, Vol. 40, No. 3 (1993). 

(3) The phrase "channel region (or channel forming region)" should be construed to 
mean: an area extending from the source to drain, including but not limited to, the channel. In 
addition to intrinsic evidence, SEL may rely on testimony of Rafael Reif, Ph.D., who will testify 
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that SEL's proposed claim construction, as viewed by one of ordinary skill in the art, is in 
accordance with the intrinsic evidence, including the prosecution history of the '941 patent and 
any related applications, and any references cited therein. 
U.S. Patent No. 6.404.480 



(1 ) The phrase "second interlayer insulating film having at least two openings" (U.S. 
Patent No. 6,404,480) should be construed to mean: the second interlayer insulating film has at 
least two openings, as shown, for example in Figs. 1, 2A, 5F, 5G and 6-1 1 of the '480 patent. In 
addition to intrinsic evidence, SEL may rely on the testimony of Paul Kohl, Ph.D., who will 
testify that SEL's proposed claim construction, as viewed by one of ordinary skill in the art, is in 
accordance with the intrinsic evidence, including the prosecution history of the '480 patent and 
any related applications, and any references cited therein. 
U.S. Patent No. 5.929.527 



(1) The phrase "the film made of aluminum or a material containing aluminum as a 
principal component contains oxygen atoms at a concentration of 8xl0 18 atoms»cm" 3 or less, 
carbon atoms at a concentration of 5xl0 ,s atoms'cm" 3 or less, and nitrogen atoms at a 
concentration of 7x10' 7 atoms«cm' 3 or less" is readily understood and the terms therein should 
je accorded their plain meaning. 



Date: January^ 2003 



Samuel B. Shepherd 
Victoria F. Maroulis 
QUTNN EMANUEL URQUHART 
OLIVER & HEDGES, LLP 

Jerold S. Solovy 
Donald R. Harris 
Stanley A. Schlitter 
Terrence J. Truax 
JENNER & BLOCK, LLC 
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PROOF OF SERVICE 

I, Joseph F. Marinelli, declare under penalty of perjury under the laws of the 
United States of America that the following is true and correct: 

I am employed in the City of Chicago, in the County of Cook, State of Illinois, and an 
employee of Jenner & Block, LLC. I am a Citizen of the United States, over the age of eighteen 
(18) years, and not a party to or interested in the within-entitled action. My business address is 
One IBM Plaza, Chicago, IL 6061 1. 

I served the following document: 

SEL'S PROPOSED PRELIMINARY CLAIM CONSTRUCTIONS AND 
EXTRINSIC EVIDENCE 

I caused a true and correct copy of the above document to be served on the person listed 
below by the following means: 

I enclosed true and correct copy of said document in an envelope and placed it for 
collection and mailing by Federal Express delivery on January 27, 2003, on the following party: 

Jai H. Rho, Esq. 
Hogan & Hartson, LLP 
Biltmore Tower 
500 South Grand Avenue 
Suite 1900 

Los Angeles, CA 90071 
Telephone No: (213)337-6700 
Facsimile No: (213) 337-6701 

I consigned true and correct copies of said document for facsimile transmission, and I 
enclosed true and correct copy of said document in an envelope and placed it for collection and 
mailing with the United States Post Office on January 27, 2003, on the following party: 

Terrence D. Garnett 

Alschuler Grossman Stein & Kahan LLP 
1620 26th Street, Fourth Floor 
North Tower 
Santa Monica, CA 90404 
Telephone No.: (310) 907-1000 
Facsimile No: (310) 907-2000 

I am readily familiar with this firm's practice for collection and processing of documents 
for delivery in the manner indicated above, to wit, these documents were deposited for 
collection in the above-described manner. 



Executed on January 27, 2003, at Chicago, Illinois. 



<^ Joseph F. Marinelli 
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HIGH PERFORMANCE a-Si SOLAR CELLS AND NARROW BANDCAP MATERIALS 

SHOICHI NAJCANO , YASUO KISHI*,; HICHITOSHI OHNISHI ♦ SH1MYA TSUDA, 
KtSASHI SHI BUT A*, NOBORU NAKAMl'RA, YOSHIHIRO HlSHtltAWA, HISAK1 TARUI. 
TSUYOSHI TAKAHAMA AND YUKINORi KL'VANO 

Research Canter, SANYO Electric Co."; Led. 
H.ahiridani, Hlrskata City, Osaka, Japan 
•Applied Research Center, SANYO Electric Co.. Ltd. 
Morlguehl Clcy, Osaka. Japan 

ABSTRACT 

High performance a-Si solar call* ware developed. A conversion 
efficiency of U.SXjWas achieved for a textured TCO/p-SiC/in/Ag structure 
with a alte of I ca using cha high quality i-layor fabricated by a new 
consecutive, separated reaction chamber apparatus. A conversion efficiency 
of 9. OX waa obtained with a size of 10cm x lOca. A high quality a-SlGe:H:F t 
which ia a nav narrow bandgap material for a-Si solar calls, was fabricated 
by a glow discharge decomposition of SiF, ♦ G*»F, + H_. 

A photo-CVD method waa investigated in order to improve the interface 
propartlaa of s-Si solar calls. A conversion efficiency of 11. OX waa 
obtained with a solar cell la which the p-layar is fabricated by the 
photo-CVD method. a-SiCe;H films were fabricated by the photo-CVD method for 
the first time as a narrow bandgap material for mulel-bandgap a-Si solar 
calls. 

INTRODUCTION 



Research and development of amorphous silicon (a-Si) materials are 
proceeding at a rapid rata. Their application to solar cells ia also rapidly 
expanding. One of the main requirements for a-Sl solar cells is to achieve 
higher conversion efficiency. Recently, their conversion afficiencias have 
been improved to a level of more than HX[l] by improvements in a-Si 
materials and cell structures. 

In this paper, first, we report 
an improvement of the conversion 
efficiency of a-Si solar cells by a 
new cell structure end high quality 
a-Si layers. Next, we discuss 
a-SiC«:H:F, which is a high quality 
new narrow bandgap material. Finally, 
we describe a-Si solar cell a and 
»-SlG«:H films fabricated by a photo- 
CVD method, which is an attractive new 
method for fabricating a-Si materials. 
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HIGU PERFORMANCE a-Si SOLAR CELLS 

Conversion efficiencies of a-Si 
solar ceils have been increased owing 
to the development of new materials 
and new cell st ructures[2] ■ A t 
present one of the key points for 
improving conversion efficiencies is 
che effective utilization of the wide 
spectrum of sunlight. 

We achieved a conversion 
efficiency of 11. 5X for a 
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Fig, 1 



Tlluminaced l-V characteristics 
of an a-Si solar cell 
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SuHe+GeH* 



Fig. 13 Optical bandgape of a-SiGeiH 
fllaa fabricated by the photo-CVD 
aethod as a function of the flow rata 
ratio of material gases 



the p-leyer vaa fabricated cha 
photo-CVD nachod (Fig. 12), Klghar 
convarslon af f lclanclaa arc 
proalsed whan eha fabricate 
condleiona ara sac to optiauu 
-valuae for tha phoco-CVD mac hod. 

Interface propartlaa ara 
especially Important for aulti- 
uandgap solar call a because thay 
hava a nuaber of Interfaces. 
Therefore, fabrication of a narrow 
bandgap aatarlal. by tha phoco-CVD 
oat hod la daairabla for auJci- 
bsndgap aolar call a. Va hava fabrl- 
catad a-SlCe:H fllaa by cha phoco- 
CVD aethod for cha flrat eima and 
controlled their Eopc. Si.H. + 
CaH 4 + H 2 gaaaa wart uaad aa 
aatarlal gaaaa. Tha Eopc could ba 
controlled between 1.7 aV and 1.05 
aV by varying cha flow race ratio 
of aatarlal gaaaa <Flg. 13). The Eopt and cha Ca content ara again linearly 
related by £q. 1 . 

Higher Interface properties and higher conversion tfflclanclee ara 
expactad when thla aatarlal la applied to aolar calla. 

CONCtUSIOH 

laproveaencs in convaraioo efficiencies, new narrow bandgap aat trials, 
and improvements In interface properties by a photo-CVD aethod were dlecueeed 
in view of their application to a-Si solar cells. 

A converaion efficiency of 11. SX vaa achlavad for a textured TCO/p-SiC/ 

in/Ag structure with e else of 1 ca 2 by lap roving the flla quality of the 
1-layer. A conversion efficiency of 9.0Z was obtained for an integrated cype 
e-Sl solar cell subaodule with a size of LOca s 1 0cm. 

a~SlGe:H:P filae were fabricated froa 51*^ + Cep^ ♦ and excellent 

propcrtlee «Tph - 3 x iO" 4 Q" 1 ca" 1 , Jd - 1 jc 10~ 7 Q~ l ca" 1 at Eopt - 1.5 eV) 
were obtained. Pare tally alcrocryatalllzed a-SiGe:H:P fllaa were obtained. 

A photo-CVD sac hod was investigated In order -co laprove the Interface 
properties of a-Si solar calla. A converaion efficiency of 11. OX wee 
obtained for a solar call in which tha p-layer waa fabricated by the photo- 
CVD aethod. Furthermore, high quality a-SlGe:K fllaa were fabricated by the 
photo-CVD aethod for the first cine as a new narrow bandgap aatarlal. 
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14 2/9 2S A.M.: Hi*-R«s iutfon J«n«p«rent.Typ. t -SI TFT LCO« 



Introduction 

LC-TV dl«W piuli crr«*mn« aiUcon 

.ub.tr.t.. on which boch MM fIT/c«M«i«r array. «« 

t'j; "r mp~m tie.. h.v .oc b.«o r.pocc.d. 

flit. r.oott pr..«*» b-lc ch.cct.ri.tic. tor ch. 

pi*y. 

Davie* Scructuf 
co.vSoClo.^1 photolitho»r.*hic »2»**««V "J/,,, 

T^ni?. io u. «. i»o u.. "-n" 1 " 1 :; . 

cute, tabriceioo. th. » M,tv,ti ^, l r!^;« .-stm. 
-til U«nt .ht.lo 1«T«*. «*■■ " th * * 51 

«,^l e mw ^Mftma or -St TTT. 

tr.n»<.r.d ch.fCt-cl.ttc. "22^* Jo?J. cn.nn.1 

vtdch (or del* »»iiMV. V D. -J » ?°*, 1 ; bout l0 
nal width oi Ch. T»T thorn to Fl». i " »"■»«■ 

# * -**a to v r*»o«cclv«ly . On/oft t«cio \m 

Jit with curv. tr.e.c .howd jood obate 

mi .-11 hy.e.t.... loop, mm th— 
««L.ud.<i that th. -si TTT. -.11 <.»«.*.. « 

l46»SI0 83 0lCeST 



U.ld-.it.ec-tr«n«i»t»r». 

■ yie'dlttlWir ^'l" 0< tl.— «»1 Circuit 

A 60 pP ««.rn.l capacitor wm eonn.ct.d to ch. 
„urc. .l.ctrod. ot Ch. -St TFT to < h « 
etrcule dyna-le op.r.«io.. Meh =* P " U " l " 

th. «trlx circuit. M .bout 6 pF .nd th. channel 

cha a-tt TTT to th. .lw»iatini elrcute ««r. 
M iL. lirl« that u..d in ..trt, elrcuitv 

« ^.t chVdy«»te ch.».et.rl.tie. for th. 
"rc-It. c!.il!y r««.bl.d the., tor "^^"'il 3 

tr: e : r r.;r..t. - T »i,. r . Lr . •...^ 
^"ou.... -htch "."••/^i'^"; r^«r.. "the 
sr i srCi"^^ : b h°. u hoidi;;, w p.:eo r Ln«..- 

pS^i^u .bout 0.3 V toUj^OQ-. 

dy««te ch.r«t.ri.tlc. ^»*»^« *00 tt»«-7e^™ 
cilng rttltty eorr«apond. to aora than *00 iVMaftrw- 
ln 60 ItoM/i oparattoo. 



iM. play Oi.r.ct artittc. 

r.tto on bt.. "ltjl. a " ;L,,«.m. bUl 

£ully driv« by conv«atioa»i 0*05 IC*. 
ning 511 lttiM/*rm*. 

Coo elusion 

A 44,60 - li«uld cry.t.1 dl.pl.y. ^^,"1 
.alutton. 20 P-Jl./-^. ^J^-V W ". <7u£- 

w.« wr. thu. WO line./ tr»a In »0 fr»e./.. 

, n. naaahar. .t .1.. C-hfr.ne. R.cotd of WSC I 
l - B i«.t.l Otaolar ««««Bh Con f.r.nc. . ; *6. 

v lac^:: 1 :™:: &;.r2i- uW:: ^.u. 

Karen. 1J. 

,SSNOO97«a66X*3«OO(H4*i1.00 . .OO® >9K » . 
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Too GtOH 

Liquid Crystal 
N* a- Si fesaivBlion/ 




ITO 



Glass Suostrats 



Fig.l Cross MCtioMl via* of «-Si 
TFT/eapacitor structura. 




Fig, 3 Pixal circuit dynamic charactaristica. 




Pig. 6 Photograph of TH-LC display. 




Fig. 7 Photograph of GH-LC diJplay. 




0 10 20 30 
Goto Voltaoa (V) 



Fig. 2 Transfarod characteristics of a-Si TFT. 




Fig. 4 Contrast ratioa of TN-LC display* 




Fig. 5 Contrast ratioa of GH-LC display. 
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1MB INTERNATIONAL DISPLAY RESEARCH CONFERENCE 

A M-tN.. DIAGONAL FULL-COLOB a-Si TFT LCD 

T.Mgiyuu, T.Okatani. T.Hiroba, H.lUco, S . Miauahiaa. 
H.Tafca, K.Ysho, N.Hi jikigawa and I.Waahiiuka 
Electronic Coaponanta Group, SHARP Corp. 
2«13-1 Ichinoaoco, Tanri-eity, ftara 632, JAPAN 



A M-in. -diagonal full eolor a-Si TFT- 
LCD haa baan davalopad. Tha panal haa 
los,tsa<642H x 4tov) pixala. Tha display 
providaa axeallant vidao picturaa with good 
horisontal raaolution (about 420 linaa) and 
with high contrast ratio in a -Ida ran?* of 
viewing angla. Tha eontraat ratio la aora 
than 100: 1 at tha optiaua vi awing angle and 
aora than 10:1 tor tha horizontal viawing 
engla ot 120 dagreae. Tha color pixels ara 
arrangsd to fora a triangular conf iguration. 

Tha color raprodueibili ty of tha display is 
equivalent to a CBT. 

Nscantly. ectiva aatrix LCDa addraassd 
by a-Si TFTs hava baan entftusiss tieally 
studiad aa tha aoat proaising eandidataa for 
applications lika color TV a and portabla 
computer displays. Thar a hava baan aany 
raporta on progrsasaa on si«s, raaolution, 
and parforaanca of tha panala.' ' » * But 
there aaaaa to ba faw displaya whieh provida 
good pieturaa uniforaly in larga araa. 

va hava aucceadad in tha davalopaant of 
a larga- araa LCD with axeallant 
pert orxaneee . Saveral daaign faaturaa and 
tha display parforaanea of tha praaant panal 
ara daaeribad below, 

irr atrygucB 

Tha TFT of tha praaant panal haa an 
invar tad- staggar ad atruetura. Figurs i 
showa a croaa ^actional vis* of tha TFT. 
Tha ¥/L ratio of tha TFT ia 1.7. Tha TFT 
has a doublo-layarad gata inaulator which 
consists of Taos and 51 Ms so as to raduca 
detect* such aa braakdowna or laakagas 
between tha »mfX Layars. Tha ON/orP 
currant ratio is aora than 10* undar dark 
condition. Sines tha activa aatris haa no 
additional atoraga capacitor* gsoastrieal 



PASSIVATION LAyiR NTCXIBO 5T0PFCB 
a-Si(i)/ br»l(n*l 

souses ( r> A P 8 * 18 

PtXBL(ITO) 



valuaa of 



tha 




GATS INSULATOR | GATC INSULATOR (TeOx) 
(SiNx) QATg(Ta) | 

GLASS SUBSTRATE 

Fi^ura 1 Sohamatic 
«xroa».ai aisbctior* 
©fi a-Si TF"r 



TFT ara daearainad in 
conaidaration of off-stats charactar isties . 

Plnti j TfT milMtMnt 
Tha triangular pixal arrangaaant is 
adaptad to tha praaant panal to obtain good 
color reproducibility.* a ntw dasign of TFT 
arrangaaant is also applied to tha panal. A 
pixal ia dividad into four aubpix«i s . 
Tharafora. tha panal has 1.232 ,6 40 
subpixels. each subpixal conaists of a TFT 
and a transparant alactroda and is placad at 
a point of intarsaction of saparatad gata 
and aourca bus linaa as is shown in Figure 
2. As a rasult, tha triangular pixal 
arrangaaant is adoptad to tha peasant panal 
without banding any bus linaa. In addition, 
if ona of tha TFTs drivan by tha saaa signal 
ia daaagad. it eausas no antira pixal 
datact. but a aubpixal dafaet whieh eaa 
hardly ba notiead m aoving picturaa. 




t**Tt 

Lima 



F* i c/vi xr s» 2 

Schamat 1 r diagram o f 
TF*T arrangamant 



Natarials for alignaanc layer and 
liquid crystal ara optiaizad to obtain an 
axeallant valua of voltaga storaga ratio 
highar than 97* during an oC'-state. 
Polansars ara errengad to ba "normally- 
white" configuration. 

An intarlaead scanning Aathod is 
adoptad. Tha praaant display : s dnvtn by 
tha signal whosa polarity is altarnacad in 
•vary scanning Una so that a £licfcarla*s 
pietura ean ba.obtamad. 
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figura i And figura 4 ahow tha 
tranaai ttanca- vol taga eurva and tha viewing 
tngla dapandanca o< contrast raeio 
reapactivaiy . Tha eontraat ratio oC tha 
peasant dispLay iJ tort than 100:1 at tha 
optutu* vnwmfl angla. It i* aora than 10:1 
for tha horizontal vitwin? angle ot 1 20 
dagaa* and Cor tha vertical angla of 30 
aagraaa. Pigura 5 ahows tha color 

coordinates or tha present display with a 
fluoreacenc backlight on tha CIS 
chroticicuy diagre*. Tha color 

reproducibili ty la equivalent to a CRT. 
Spec* Cicacions and percoraencaa o£ tha 
present display are euaoarized in Table t . 
Tha TV mages on tha praaant LCD aca 
deaonatrated in Pigura 6. 7. 
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Table i Specifications and 

perforeancee of tne preeent LCD 



tfuafcer of TTTs 


i£5» L*? 1 M2(Hi x 480<V)I 

Q.i\ \ny u'S'.izim 


Pixel pitch (mn x as) 


^Suopixel pitch (»■ x ma) 


0.205(H) x 0.2141V) "~ 


Screen size (aa x am; 


278 (H) x 22) (V) fiV" diaaonalT " 


Color pixel trrin4«Mnt 


triangular 


LC mode 


TH (normally whitel 


Haxiaua contract ratio 


MOO:) ~ 


Viewing angle 


Hog izontal 
Vertical 


"id*" (c**r." ' > i o sTf 



Suauaarr 

A 1 4-in. -di agonal lull color a*3i TFT- 
LCD hae been developed by- of -a new 

design oC TTT arrengeaant and the 
opciaizations of the factors which doainates 
off-stote charactari atica . Tha display has 
308.160(642H x 460V) pixels (1,232,640 
subpixels) and providas good picture* by its 
high contrast ratio (aora than 100:) at tn* 
optinua viewing angla) . 

A new daaign of TFT arrengeaant adoptad 
co tha praaant display realizes high display 
quality and laada to high production yiald 
at tha saaa tiaa owing to triangular pixal 
arrangeaent with straight bus Unas. 
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14.1: 14,3-ln.Olagonal 16-Color TFT-LCD Panel Using « SI:H TFTs 
K. lc*iik*wm< S. Suzuki, H. tfat/no 
> . IBM Japan, Yamato, Japan 

t 7. 4o*7 f T. Higuchi 

Toshiba Corporation, Kawasaki, Japan 
Y. Oana 

Toshiba Corporation, Yokohama, Japan 



IMTHQggCTIgft 

Aeeently. pocket TV*a using TFT/LCO ttch- 
noiogy have com to be commercially ivilUeia 
(Ref.l). Curfint displays r«n«« in size up to 
S" dlag. larger disolay sizn irt pfiftribli. 
however, in tho application to information dis- 
play for coMutir peripherals. In addition to 
tnis*. a larger rtuabir of dots Is also required 
'or such inforaation displays. We novo devel- 
oped a 14.3" diagonal, 1440x1100 dots (1.504.000 
dots total) TFTVLC0 panel. 4 largo icrftn six* 
disolay with redundant TFT circuits has already 
ooon rtportlfldtf .2) . Tho TFT/ICO panel pre- 
sented here has no redundant TFT circuits. 
Simulation In tho design phase of tho TFT array 
and ciftful Inspection in tho fabrication proc- 
ess irt tho days to ths development of this 
TFT/LC0 panel. 

QXUxtt 

OflT AWftAMgfJItWT 

Tho dots ore ouadruPly arranged and one 
color pixel for color display is eoeoosed of 
red/gr aen/blue/wni to dots. Thus, ono color 
Pixel can display 14 colors oy combinations of 
on and off of ••ch color dot. Tho prosont oonol 
displays 720sS5O Pixels for color and 1440x1100 
Pixels for mono. The dot pitch Is ZOQua in both 
?* r t£tions ItJ* ,no . y * a,,d display 

is 200m m 220mm (14.3 s dieg.). 

TPT gTBU€Tym 

The structure • of TFT • s Is inverted- 
staggered, and there is no etch stoooer for the 
n* etching. The cress sectional view of tho 
TFT/LCD is shown in Fig.l, and a alcrophotegr sph 
of the developed TFT is shown in Fig, 2. The mVL 
of the TFT is 35'7ua. The storage capacitance, 
which is connected In parallel with the IC cell, 
is formed between the transparent display 
electrode of the nth goto lino and the (n-l)th 
gate ling. Therefore, the thickness of the 
insulator for the storage capacitor is same as 
that for the TFT gate Insulator, and the storage 
capacitor can be foraod without any additional 
flask or process. 

TFT AH BAY 

' for • TFT/LCD oonol* a larger aperture ra- 
tio, or transmission factor, for each dot is 
desirable. Therefore, the width of tno goto 
line L should be decreased as auch as possible. 
On the other hand, there is a lioitatlon in tho 
thickness of the got* line, because thick gate 
line will causa line openings at tne crossover. 
This Mans that a narrow gate line can result 
in high gate line resistance and in a long delay 
of tno gate oulse at the far end of a line. 
Thus, there is a trade-off between the gate line 
resistance and the aperture ratio of a" dot. 
Driving fro* both ends of a gate line is one of 
the solutions to this problem. However, this 
is not economical, because twice as eany gate 
i£l*,?Z~ tc * »• needed. Tho 14,3- diagonel 

TFT/LCO oenel presented here was designed with 
tho ala of driving the gate iine-e froa one eno. 



The use of low resistance Ho/'Ta allay as gate 
fetal is the key to achieving this goal (Ret. 3). 
Tho required width of the goto lino, and thus 
the aperture ratio of a dot. was determined from 
a simulation of the gate Dulse delay as follows. 

The gate Pulse width, to, is 14.Snsec when 
*5«^J»» n «l la driven at a frame freouency of 
42.5Hz. The gate pulse delay* which is a func- 
tion of. gate line resistance and gate line 
capacitance, was designed to be less than half 
2! * nl " gate line width was 

°! t i82* a . to D# 7°ya. Thus, the aperture ratio 
of IT0 aloctrodo is 4*X. 

There ere constrictions at the crossovers 
of gate and data lines which have the effect of 
reducing the capacitance on the gate lines but 
increasing their resistance. Therefore, there 
is an optimum gate line width at the crossover. 
This width was determined froa a simulation of 
the gate oulse delay. Froa the simplified sim- 
ulation the gate line resistance is calculated 
as followsi 



•l • • »» 



where* Pis the resistivity of Ho/'Ta thin film; 
dg is the gate line thickness; Lc and wc are tne 
length and width of the constriction, respec- 
tively; wg is the width of the gate line; Pi and 
nx? are the Pitch of dots and the number of dots 
in the horizontal direction* respectively. The 
goto line capacitance is 



Kcare the dielectric constant of 
tne gate insulator and liquid crystal, 



tlvely; Tox and du 

gate insulator and liquid crystal layer. 



are 



where. c„ t and 

resoec - 

tne thickness of the 
. J crystal layer, re- 
spectively; Sc. St. Ses and So are tha area of 
the constriction, the drain-gate overlap, stor- 
age capacitance and the gate line exposed to LC 
layer, respectively. The gate eulse delay is 
T««g-Cg. end the condition whun miniaize the 
gate pulse delay is 



Therefore, the gate line wiotn at the crossover 

When Wg»70um. the Wc is calculated to Be 34p« 
in the presant design. 
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LlOUlB CtYJTiL e^Li, 

«*ny 'ictor t , such as contrast ratio, view- 
iS!-/"" 1 * • ? # *W*'* ey * i**' -onse tioe and color 
cnanoo .ill iffi«t thi V;gibility. Unfortu- 
nately, the ootiaua velu^ /or the design pe- 
r »" ••'» fllff«Mnt Y>r iicK fictor, In 

a*- U -*V- LC .««U 9*r- <K< . OP ritirdaUon. 

A no, i» 4«t«r«iaid to ■«iiul2« the contrast f i- 

i?; V A .* rB€ «»»aia*» Notrtvip. the 

umforeuty of tno background color with resoect 
lo tfiMCtion l« very loportant in 

normally black node. The background color de- 
»«nds upon tne lC coll gap. Xt depends at .oil 
on vtiwing d 1 r tc 1 1 on < F i g . 3 ) ; Therefore, /or tho 

2I!! 10 ?!* g ^ n# J' tn * tC ? tn "'•» ™ chosan 

that tri« background color .as not greatly 
changed by a change in *Ht viewing direction. 
Such siltction of LC call gap is also good for 
the gao tolerenee. 

PAMlCATio* oooes** 

Ai« -.I?*. 94 1# lln « ■•terial 1« treeared by the 
OC osgnetron sputtering using fto/Ta alloy tor* 
«•* Th A *"«*i*tivity of souttored «o/Te thin 
Cilo is «5noh«-c«. fig.* shows tho SEN la ago 
of the cross sectional vitw of a iputtirid Ho/T«. 
gat* lino. The coluenar structure 14 ooen. Tho 
taoered etching of goto linos is important for 
avoiding data lino (Ho/All openings. Tho angio 
of taoar is 16 dagraot as shown in Fig. Ma), 
achieved by a dry atching proeoss. After etch- 
ing, tha «o/T» gata line .as anodlsed. Fig. 4(b) 
snows tha cross factional view of tho got* lino 
after anodic oxidation. A sharp interface *dg* 
is foroed between tho anodixod and tho aatal 
layer, and no columnar structure is saoft in tho 
anodized iovor. Tho thiekntis of No/To alloy 
decreases 20X by tho anodic oxidation, and tho 
total gat* lino thickness is increased 35*. 
Anodized aside Mia foras a port of tho goto 
insulator of tha TFT and is effective for tho 
<-«duction of inttr-loyor shorts (tef.4). Thug, 
three layars ( T aOs 'Si Os/SiWs > in all aafcc up tha 
gata insulator After tno anodic oaidation. 
four levers. SlOx'SiMs/l a-Si:H/n+ a-SliH lay- 
ars. .ar* continuously doposltsd by aultl- 
cfteeber olesae-CVO. Aftor foraing tho drain and 
sourea electrode, tho n-» layer waa itched off 
using a dry etcner. A SlO»/Sl*a double layor 
is used for th* TFT passivation layor. Tho In- 
crease of vth a/tar passivation is saaller for 
this double ley«r in comparison to the SiNv 
single layer as passivation. 

as Mentioned before, the LC cell gee is so 
designad that tno background color is not 
changed greatly by the viewing angle. This also 
■•mi that the opuint design is good for the 
oae tolerance and the soecer density can be re- 
duced. In order to fin the cell goo precisely 
*?- l ^? J ' * l"»ge number of spacers, such as 
loa/.mJ . are usually distributed. In the de- 
veloped oenel. however. 20/oa* is enough for the 
fixing of the cell gee. Moreover, there are 
'allowing advantages of 
<1> less lignt leakage 
\2) less liouid crystal degradation 
(3) decrease in daaage to TFT and color 
t i Iter . 

The good retention of the charge on the 
ctU capacitance during the TPT-off period is 
the key to achieve a high quality LCO panel. 
The retention is greatly affected By the clean- 
liness ourino the LC cell fabrication. nor* 



J?!?.!^* r «tentton mi achieved by oavina eiai. 

TrT AND DUPLAY POOOoe^^ 

S shows the typical Id-Vo chif»c»>ii>. 
i sties of the TFT. Tho threshold volt \o. In* 
??I4 4 .aJ 11 '* A? - 2* 0-5V/v^%VeV^.sV.VtVvoi;? 
Jig. 4 shows the brightness vs. signal voltaoe 

2i!S*iw ¥ ! 1 if B€ en « r «eteri«tics are not changed 
to 5*--«ua.. This indicates, on average, tho 
ii2 u i d ^IS**! 1 lf euff icientli? during 

tSJ P ^r/ 0 f*°' *"«,00to. Pul«o width of l*:SusT 

Ii!7i!!2- * nol# 'VI »«« horixontal di- 

CSS* 1 ^*- -i r */ WW!!"* 9 ** >^?0degree< lower > 
*"f i*3f21f2 9 i resoectirely. At 
*o«ignod 4 nd value, tho eoaoarison in the 
"ii?* 1 7 B f»?*«M»tiea with those of the con* 
v ??t l0 r1 >1 5«<l«n «o tho following results: 

-iii t Th Ji *a«r«»«« i« the contrast ratio in the 
f lr,€tlM »» »•«• then 2SX. and this de- 

rif -Ii?45?r i, ? n ** 1 cone is ceaaerabla. 

Tho vortical viewing cone Is slightly narrower. 

i 10 '? , A°J B * of the dlsolay iaaoes on tn* 

developed TFT/LCD panels. Tho seie ? fi c a ?i »*t 
of tho panel are *uaoarl2«d in . TaSiJt! icatl0fta 

COHCkWatflM 

A 14. J* color TFT'LCD with 720xSSIl ei.al. 
and Oiaels ff«p Sono Saea S'in di"}! 

, r r TX tc*i oanola. Thla results froa tho 

llwJi'Vhn.e^^V tno°"ihtO?i 
layer shorts and froa careful process and xn- 
seection throughout the fabrication. 

^6IftflHhlD9f!ffHT 
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TABLE I SPECIFICATIONS 

OP THE 14. !• COLOR TFT/LCO 




v«i« (V) 



Mfl.A BRIGHTNESS-OATA L IMC VOLTAGE 
CHARACTERISTICS 



NURSE* OF OOTS 


1440 * 1100 


number or PIXELS 


720 x S50 


(DISPLAY AftfA SIZE 


ZBSmm n 2 2 Omm 


OOT PITCH 


200ua s 200ua 


COLO* ARRANGEMENT 


QUADRUPLE* 


BR 1GMTNCSS 


100*** 


CONTRAST RATIO 


SO 


VIEWING ANGLE 


*404«vr«« (HORIZONTAL) 
♦30d*or«« <UPP€R> 
-204««f»«« (LOWER) 




fig. 7 DISPLAY IMAGE OF THE 14. S* COLOR 

TFT/LCD 



»S OU rci of tn« i«»0«»< .M»t«k«n»k* and K.Kito. 
•Stlectid Graphic Ovsigft* »6*kusyu *«nfcyu»y» 

1985. 

Tab flaw la r % v t w * »* »d la color om paf* 02. 



S/0 & DIGEST • 229 



CL.CC1 JT. 
0017 



JAN-27-2003 



20:24 



JENNER & BLOCK, LLC 



312 527 0484 P. 34/44 



High- Voltage Amorphous SiUccn Thin-Film 

Transistors 

Rusael A, Manin. W,^, m v icK)r M. Da Costa. m Michael Hack, and Jo „n G. Shau 
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I. bmoDucnoM 

RECENTLY amorphous silicon, a- Si, technology has 
found ouraeiDUi applications because of iu low eon 
# < ? 1 m '; tib4H| y »o*^einpetwure glass substrates 
(W. [2J. Circuits are fabricated with linear dimension! in 
exeeas of 30 cm. Thin- film transistors, TFT* i, are widely 
used as pixel addressing elements in large-area flat-panel 

^ P «?* \I hey U *° » P^ 0 * *cannin 8 ban 
[3I-[5). Many applications, however, require drive volt- 
ages well in excess of 100 V. for example, certain ferm- 
eJectnc (iqaid crystals, eiecirephoretic or PLZT elcc- 
troopac displays, and elecrographic plotters.! For these 
applications a high-voltage TFT. HVTFT, is needed. Thia 
paper describes the fa brication, structure, and perfor- 
mance of a- Si HVTFT * and their application to eiecoo- 
graphic plotters.. 



n. Paocsss axd ST»ucnj»t 

• Fig. I shows s cros s sccxioa of an HVTFT and a low- 
voltage TFT. LVTFT. The HVTFT can be thought of a* 
an sccunralatioo-mode MQSFET with an offset drain The 
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offset prevent! an excess field from breaking down the 
amorphous silicon nitride gate insulator. Because of its 
low conducoviry, the intrinsic i-Si has low off current, 
although it is slightly n-type. The gated region controls 
the curreat Sow in the same wsy as in an LVTFT 

The fabrication process for the HVTFT is identical to 
that for the inverted staggered structure LVTFT, The sub- 
strate is 7059 boroiilicate glass. To form the gstes. i 50- 
nm chrome film is sputtered and patterned with w« etch- 
ing. The gate sUicon moid*, intrinsic a-Si, and passiva- 
tion siiicoa nitride are deposited by plasma-enhanced 
chemicaJ vapor deposition. PECVD. without removing 
die substrata from the system. The gate nitride is 300 nm 
thick. The intrinsic a-Si is 50 nm thick. The top layer of 
nitride, used as an etch stop and for surface passivation, 
is 150 tun thick. The cop nitride is patterned to delineate 
the silicon island of the transistor by plasma etehing. The 
vias to the gate chrome 7 are etched, followed by deposi- 
tions of phosphorus -doped. a-St. 200 nm thick and s 
second layer of chrome. The second chrome and the N* 
a-S» become the source and drains of the HVTFT. They 
are patterned with the etch stopping on either bottom ni- 
tride, top nitride, or gate chrome. An intermetal dielectric 
of polytmide is deposited and patterned, followed by the 
sputtering and patterning of aluminum for intereonnec. 
lion. The Ana! passivation is polyimide. 
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The a-Si layer cia be divided into several regions. On 
(he source side the contact injects electron* into the chin- 
net. The source overlap* (he top nitride just ! enough to 
prevent underlap. ThU is die region of length OL s . The 
gate extends a distance t, beyond the end of the source 
overiap. On the drain tide of toe gate is the region of 
length Lx % known at the offset region. 1 The offset region 
extends to the drain contact. At the drain overlap OL 0 . 
the current flows to the top interface and then out the drain 
contact. 

rn. Dsvtci opoation 

a-Si HVTFT's have some properties in common with 
*-Si low-voltage TF T's an d others in common with crys- 
tal silicon HV MOSFET'i. They are. however, oniquc 
and some of their characteristics ere very surprising ($}- 

(81. 

When one examines the ( 9 venue V 0 characteristics of 
the HVTFT. as in Fig. 2. the first striking point ia the low 
drive current. This is due to the FET mobility being ap- 
proximately 1 cm 2 /V • s. This is the same situation a* 
with tow.voitage a-Si TFT's. HVTFT' s are still . never- 
theless, very useful. Because of the insulating substrate 
material, parashie capacitance is low. thus circuit speed 
is increased. Moreover, in many applicatioiu a large 
number of operations axe done in parallel, raising the sys- 
tem speed. 

Another significant point is the tack of avalanche mul- 
tiplication. Because of the large amount of ; scattering, 
which causes the low n^ir, there is no significant carrier 
rnutiplicatian, therefore dielectric breakdown; or heating 
become the failure mechanisms at high voltages, rather 
than avalanche breakdown. 

These HVTFT's can withstand very large drain volt- 
ages without increased leakage. Fig. 3 shows the 
subthreshold characteristics of an HVTFT. There is al- 
most no difference between the leakage current at V 0 « 
40 V md K 0 - 400 V. As with crystal silicon high- volt- 
age transistors, the high- voltage operation is due to the 
drain voltage being dropp ed across the offset region. 

As with other a-Si TFT's die threshold voltage and FET 
mobility are a strong function of CVD conditions. is 
rypicaily between 1 and 2 V. The initial threshold is de- 
termined in large measure by the quality of the CVD of 
gate nitride and intrinsic a-Si. For example, contamina- 
tion of these materials with oxygen will raise; the thresh- 
old (9]. As with LVTFT'i, the threshold shifts under gate 
bias (10]. Fig. 4 shows the threshold as a function of rime 
for aa HVTFT. *» determined at a fixed current. The 
stress is a 50% duty cycle square *ave with the HVTFT 
in a lightly loaded inverter with the supply at 400 v. The 
voltage of the square wave is 20 V. The shifts are due to 
creation of osetascable states and relax back when in the 
unstressed state. The metastable states are due to dangling 
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bonds in the a-Si network. They are created or destroyed 
by the aju v ctuem of hydrogen in response to the position 
of the Fermi level ia the a-Si. They are equivalent to those 
seen in low* voltage s-Si TFT's. 

The source and drain overlaps, shown in Fig. I, influ- 
ence the aansistof operation by influencing saturation cur- 
rent and shortening the effective offset region length, re- 
spectively. Together with the bottom gate, the source 
overlap determine* the drive current. Because the drain 
overiap is at the drain potential, it pulls the current flow 
in (he intrinsic s-Si to the top interface. In this way the 
drain overlap somewhat reduces the effective L,. These 
effects nave been discussed in detail elsewhere for low- 
voltage TFT's (Hack and Shaw ( 1 1]> 
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If improperly designed. a-Si HVTFT* j show ah un- 
usual instability. The drain voltage for the onset of (he 
rise in drain current can shift to higher voltage* (61. This 
irises from the creation of metastable nates in the a- Si in 
the offset region near the gate edge (121. Fig. 5 shows / 0 
versus *V Initially, the characteristics show a power law 
rise at low V 0 (apcce-charge-limited current) [13], satu- 
rating at higher V 0 {curve A). If (he transistor is exposed 
to a high drain voltage sues* with ^ci held below thresh- 
old, the characteristics shifk along the Axis to higher 
voltages (curve B). 

The instability can be well quantified by defining a 
quantity, called V t , which measures the onset of injection 
of current into the offset region. An extrapolation of I D 
versus V 9 at the inflection point to ten current gives (he 
value of V tt as shown in Fig. 5, The result is only a weak 
funcikjo of gate voltage, but for this work it is measured 
at approximately ^ + 5 V. 

Changes in V t are repeetable sad saturate with time. 
This is shown in Fig. 6. As the stress is shifted from t 
high stress state, high Co, and low V Ct to one of low stress 
with tow v 0 and high Vc* K rills with a time constant of 
minutes. These measurements sre taken by applying de 
biases for 3 min and then changing V 0 and ^ 6 for 3 » to 
measure f r This is done in a lightly loaded inverter cir- 
cuit in which K M is nearly equal to V r The measurement 
does not influence the results ss shown by the lack of in- 
fluence of the spacing between measurements on the re- 
sults. If left in an unpowered state V 4 drops back towards 
iu original value. 

(t is important to remember the difference between shifts 
in f r and shifts in Krv An increase in results in lower 
effective gate voltage, which will result in a lower satu- 
ration current for the same gate bias. An increase in V A 
results in lower effective drain-to- source voltage, mean- 
ing that the onset of conduction occurs st s higher drain 
bias, yet the saturation current will not change. Since the 
equilibration effects responsible for both instabilities oc- 
cur in different areas of the intrinsic a-Si. the instabilities 
are independent of each other and can therefore both be 
presen t, dep ending only on the type of stresses applied to 
the HVTFT; Like frv however, a high level of V, can be 
reset to a low value by an anneal of 200*C for 30 min. 

The changes in V t depend on the values of V 0 and f c 
such thai the saturation value of V, after a long stress is 
lowest st values of V Q near V^. Fig. 7 shows s plot of 
this effect. V, (after a long stress) venus V Q is plotted for 
a lightly loaded inverter. Tike supply voltage ia 400 V. 
The transistors has/,, » 5 m« and L, » 23 >xm. There is 
a large rise at negative V Q and a small rise si positive V G 
(where current is flowing). 

The V M performance of HVTFT* s is influenced by CVD 
in the same way that other device parameters, such is Vy% 
sad *wrr [9]. The initial value of K, can be degraded by 
the addition of oxygen to the gate nitride and intrinsic 
i-Si. Likewise. V t U also degraded by excessive deposi- 
tion temperature and other factors influencing the LYTFT 
performance. 
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Finally. ^ is also not a problem of variable-source re- 
sistance. It is not effected by contact quality nor does the 
functional dependence agree with s source resistance. 

IV. OliQtN oij V, 

In the previous section most of the experimental data 
on V t shifts have been presented. The origin of v t has 
been inferred from these data and the nature of intrinsic 
a-Si. In this section, the nature of changes in V t are de- 
scribed. In the following sections, an analytical model of 
the HVTFT and numerical simulations will be used to fur- 
ther elucidate the device physics of these transistors. 

As stated earlier, the shifts in V t arise from changes in 
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the density of sum in the intrinsic e-Si in the offset re- 
gion near the gate edge. Fig. 8 shows a schematic cross 
section of the transistor indicating the location of the re- 
gion with the altered densit y whic h affects the conduction. 

In its initial state, the HVTFT has a uaifonb density of 
nates throughout the intrinsic a- Si. When a positive po- 
tential is applied to the drain, current flows. If the drain 
bias is below the aaruraiion voltage, die current is the off- 
set region is apeca-charge-lututed. that is, it is not charge- 
neutral. The potential through the offset region rises noo* 
linearly. When the lateral field at the edge of the gate rises 
to s high enough level, the gated r egion saturates in the 
same fashion ss with a tow-voltage ITT. The only differ- 
ence being that the intrinsic a-Si at the end of the gate acts 
as an effective drain. 

With the transistor turned off ( V f below threshold) and 
the drain at high voltage, die offset region is depleted of 
carriers to below the intrinsic level at the drain and just 
above the edge of the gate. The high field due to die drain 
end due to the sharp corner of the gate (where the poten- 
tial is held low) causes this depletion. When this occurs 
the amorphous lillcoo equilibrates to compensate. Dan- 
gling bonds and hydrogen rearrange to create more states, 
attempting to pin the Fermi level in me middle of the gap. 
This ea^Ubfetion is similar to the more familiar equili- 
bration seen when the a-Si is accumulated (the origin of 
positive K n shifts in LVTFTs). 

Fig. 9 shows the density of states. The change in the 
denairy of states produces extra traps above the Fermi 



level, the D* levels, while the if and O* traps are re- 
duced. These All and this localized charge forms a "bar- 
her" which the electrons must oveeome before being in- 
jected into the offset region. In this * 'barrier'' the field 
from the localized charge opposes the injection of charge. 
Because the drain is offset, the voltage applied to the drain 
contact does not ail appear at die edge of the gate, but is 
dropped across that region mors or less uniformly. This 
rneans that for a longer L, the same amount of charge near 
the gate edge will have more effect on V g . If the Setd from 
the localised charge is £ %m ^ then a simple approximation 
to the change in V t is 

This can be thought of as an analogy to a lever arm. Al- 
though charge at any point in use offset region will influ- 
ence the current flow, it has Use most, effect at the gate 
edge. 

V. Analytical Tneoer 

la rnodelinf semiconductor devices one can use two 
complementary approaches. First is a full numerical so- 
lution of the oinsport equations which yields important 
information as to the device operating physics. Second is 
s simple semi-eoaiyoc frjooei based on the appropriate de- 
vice physics which can be used as a quick design tool to 
predict output characteristics. 

Th e simple setni-enalytic model for the high-voltage 
TFT is based oo the physics derived mom our corapre- 
hensive rwo-dimeasionaJ simulations, such that the over- 
ail device of length L is created as being composed of rwo 
regions; the gated region, from the source electrode to the 
edge of die gate dectrode. length L, ( which behaves ss a 
conventional amorphous silicon amrufsxor (14] of gate 
length L»; and the offset region, which extends from the 
edge of the gate electrode to the drain. As undoped amor- 
phous silicon is highly resistive, the current flow in region 
2 is, in general, space-charge limited allowing for much 
higher current flow than would be obtained from ohmic 
conduction. Current continuity is maintained in both re- 
gions by the electric field in the channel (in the source- 
drain direction) at the interface of the gated and ungated 
regions (edge of the gate) which controls the injection of 
charge into the second ungated region. It is the effect of 
this boundary field that allows the high drain voltage to 
be safely dropped across trie ungated region without caus- 
ing high gateHo-ehannel potentials. At any given gate 
voltage (above threshold) as the drain potential is in- 
creased from tero. current flow is at first limited by the 
space*charge- limited flow in the ungated region. As the 
drain potential is increased further then the gat ed re gion, 
which acts like a conventions! low- voltage TFT. ap- 
proaches saturation and consequently the channel electric 
field near to the edge of the getcd region increases. This 
high field, at the interface of the gated and ungated re- 
gions, prevents the injection of charge from (he channel 
into the ungated region. Therefore, as the drain voltage 
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become* even higher, the electric field at xhc interface in* 
"tans preventing runner tn>eccon of charge into (he un- 
gated region causing che device to saturate. 

To dcrivethe overall device current- voltage character- 
istics the TFT. in the gated region , or sccumuiation chan- 
nci. the chanaei electric ffdd F is related to the current 
flowing through it by the gradual chaimei erjproximatien . 
For limpdkiry we neglect the dependence of the fteld-ef- 
feci mobility, Mfwr- on gate voltage. Hence, a* described 
in detail in (151. the free electron surface charge per unit 
area en, is related to the total charge induced into the 
channel by 

mtit/m - <*f/Qm 0) 

where n is the electron bead mobility. Fotlowiag the 
gradual chaitncl appro umation for the gated region defin- 
ing the source at x • 0 and the end of the chanaei at x - 
L u the total charge induced along the chanaei is related 
to the gate*<o-sourcc voltage V„ and the threshold voltage 

Qmi - oy m - f n - v) (2) 

where V is the chanaei potential and C the gate capeci* 
taace per unit area. For an element of chanaei of length 
di and width W the current / is given by 

/ - qn,»WdV/di - i^Oy^ - K n - ^WdVfdx. 

(3) 

Integrating (3) from the source at i - 0 to i » X aad 
in potential from V • 0 si the source to V • V{X) gives 

ix - w^ay^v - v l /2) w 

where V m - V f1 - 

From (4) it can be seen that when X ■ and K « 
the current in the gated region seenrates due to pinch-off 
at the ead of the gated region, aad in value 7 M is given 

by 

- ^wrCWV^ilLy (3) 
Solving (4) for prurmial we obtain 

v - *m " <"i 7 W/^>MwrC) ,/2 . (6) 
The field in the chanaei parallel to the semiconductor- 
iruultor interface at the boundary of the gated and ungated 
regions F t ia found by rubstitming for V from (6) aad 
putting X ■ L% into (3). 

F t - /V^/OL./J! - ///J'"), (7> 

From (7) it can be seen that as / approaches / w then F § 
tends to infinity. This la UBportani u when F 9 ia large it 
limits the objection of charge from this accumulation or 
gated region inso the dead region. Thus as will oo« be 
shown, the overall transistor current cannot exceed l m be- 
cause when / approaches I m . F 9 becomes large preventing 
futher charge injection into the ungated region. Once the 
chanaei ia nearly saturated any increased drain voltage is 
dropped across this angated region. 



The voluge drop across the accumularion channel V, 
for s current / is given by 

"i - - - WLjCWwrt". (8) 

To determine the current-voltage characteristics of the 
ungated region for the case of rpac*<harge-limited cur- 
rem flow, Potaaoa's equacioa must be solved along the 
amorphous silicon for the edge of the gate electrode to the 
drain contact, with the starting boundary condition being 
the electric field calculated from the edge of the gated 
region. Owing to the relatively large density of states in 
the mobility gap of amorphoua silicon the space charge is 
primarily determined by Dipped charge whereas its 
cooductaace is determined by the number of mobile elec- 
trons n. 

For a deep localized state distribution t(E), varying ex- 
ponentially with energy, having a characteristic temper- 
sure such that 

gi£) - g< earn ((£ - Ej/kTJ (9) 
where f, is the density of deep states extrapolated to the 
conduction band edge* then when the injected charge den* 
sity ia much greater than the equilibrium charge densiry, 
/■ aad n t are given by 

* - N t exp [(£, - EJ/kTl (10) 

where N f is the effective density of states. Ajsuming rero- 
ternperature rraritTtci 

is, - g(£) d£ m kT 9 exp [(£, - £)/«y (11) 

aad hence a aad ji, are related by 

n - N € l<t*/t<kTtf (12) 

where a - T?/T. Thus solving Poiaaon's equation along 
the ungated region 

<tT/<fr - - (iye^/iVJ^' (13) 

Integrating (13) with the boundary condition F « F t at 
the start of the ungated regioa aad noting that the current 
density j - aoilF where * is the electron bead mobility 
gives 

-*«| + <,)/«! («r fl A) 

■ iAj/qt#J l ' m + FV* n/ ". (14) 

To obtain the potential drop across the ungated region v 2 
for a current / ■ jWt, where / die thickneas of the active 
layer, ( 14) ia integrated with respect to x. yielding 

V\ - (l/W){(itLi * fT)' - /V*l (15) 

where K - (1 ♦ *)(i # ir 0 /at#)[//flM^r» r 'l ,/ ' and 

H - Ftf" ,/# 

aad 

$ - (1 +• 2a)/(l + a). 

If dte length of the ungated region L% is too long for 
current flow to be space-charge -iirtu ted (i.e.. its orunic 
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resistance if lower than that determined by space -charge 
conduction at a given applied bias) ihen K, will simply be 
given by K, • IR 7 where *i is the resistance of the un- 
gated region. 

This cue-dimensional model assumes that the ungated 
region is a penile I -plate structure. In practice, this region 
U much longer between in ends than it is thick, i.e.. Lj 
» t. In order to apply this one-dimensional model to the 
real rwo-dimemioaal situation we have to include a large 
fringing capacitance between the source and drain ac- 
counting for the electric 6cid stream lines. Hence we have 
introduced a correal on factor into (15) such thai the per- 
miniviry of the lilicon t has been multiplied by L/t [16]. 

In summary, to derive the overall current-voltage char- 
acteristisa of the ffnnsistor 

1) Specify a current. /, ensuring that / < /«. 

2) Calculate (voluge drop across gated region) from 
(8). 

3) Calculate the boundary field connecting the gated 
«nd ungated regions using (7). 

4) Calculate K, from (15). 

5) Determine the ovenll voltage drop scrota transistor 

VmV x + V x . 

In Fig. 10 we show both the experimental and theoret- 
ical source-drain current-voltage characteristics for a 
high-voltage TFT with an L, - 4 M ni end - 16 t*m. 
(n applying the model outlined in (l)-(15) we have used 
the following parameteri; n - 10 cmVv • t. gate over- 
lap t t • a M m. fMrr - 0.5 cmVv « i. g, - 1.3 x lO" 
cm"* • eV\ 7 0 - 1500 K. C - 1.34 x t0"« P/cm*. 
N, • tO 1 * cm" 1 , W m 240 Mm. and t - 0.1 *un. From 
Fig. 10 h can be seen that ear analytic model is in good 
agreement wim the experimental data. 

This semi-analytic model is also extremely useful in 
helping us to understand the V t shift in these devices. This 
occurs when the region of amorphous silicon in the un- 
gated portion of die device near to the edge of the gate 
becomes depleted (or in seme cases accumulated) of elee- 
treni and extra defects are created in the a-Si in this re- 
gion. These extra defects cause an additional "barrier" 
to the injection of charge from the gated to ungated re- 
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gions. In our simple analytic model this has been repre- 
sented by increasing the boundary electric field F 9 to sim- 
ulate the effects of this additional "barrier." In Fig. 1 1 
we show the results of our analytic model for the normal 
case of no V, shift, e.g.. as shown in Fig. 10. and also a 
case where the boundary fteld has been increased by 10* 

V / cm u every value of K A . The results give an extremely 
good representation of an approximate 130-V V, shift as 
experimentally observed. 

VI. Numsjucal Simulations 

In ord er to more hilly understand the performance of 
HVTFT's we have used rwo^imensionaJ (ZD) simula- 
tions to analyze its performance. We have utilized MAN- 
IFEST [17], e 2D finite-elements semiconductor device 
simulator. Because there are few holes in the semicon- 
ductor they have virtually no effect on die devices perfor- 
mance. Therefore, the solution is only for the potential 
and for die free and trapped electron concentration. The 
trapped electrons are accounted for by determining the 
proportion of trapped electrons to the total, baaed upon 
steady -state results. 

Solutions for the potential and electron concentration 
throughout the intrinsic a-Si are determined. A transistor 
with I, » 15 and L% m 15 is chosen for the simulations 
because it could operate at v 0 * 400 V. The doping sim- 
ulates an N* contact on top of a 60-nm intrinsic layer. 
The gate dielectric is 300 am thick. Overlap of the source 
and drain contacts arc not simulated in this work, but their 
effect is well understood from previous work (It). 

Fig. 12 shows the potential profile with the drain at 400 

V end the gate at 0 V. Here current flow is very tow. The 
voltage drop ia anarfy linear across the offset region ex- 
cent that the field ia higher near the gate edge and near 
the drain. It is clearly teen that the drain potential is pri- 
marily dropped across the offset region. The voluge at 
the drain side of the gated region is very low. This is in 
the same fashion as with crystal silicon transiston in 
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which the drain voltage is dropped across the lightly doped 
draia extension. Ia this ease, however, the point of the 
offset region is only to reduce the voltage scroti the gate 
insulator, ftrvauss there is oo ugai/tcant avalanche mui- 
QpiicaciOQ (here is ao need to reduce the drain field. 

As has already beea discussed, the origin of the rise ia 
v t u the creation of local nates due to shifts in (ha density 
of sutea caused by depletion of the imriaak a-Si when the 
device is runted off. This depletion can he seen in s sim- 
ulation of the electron density at the lower tide of the 
TFT' i inthaaie a-Si layer. Fig. 13. Notice that the density 
is lower si the gate edge. The depletion is greatest along 
the bottom surface of the intrinsic a-Si where the gate edge 
has the moat influence. Although depJebon may occur at 
the drain end, as well as near the gate, it wilJ have little 
effect oo V, because it is so close that the drain field will 
easily overcoats the indiiftri "barrier." 

Simulations in which the density of states is locally 
raised at the edge of the gate (to simulate the a/fact of 
depletion on the a-Si) show a V, increase over that seen 
without the higher density of states (12). This lends fur* 
ther credence to the explanation of the origin of V t shifts. 



VII. SraucTuaui. Vakutions a no Duxom Issues 

To design opomaiiy stable HVTFT' s the values of L x 
tad L, must be property determined (61. The a-Si HVTFT 
is oot susceptible to avalanche breakdown, hut the offset 
icgions length is soil important for device operation. First, 
it must be long enough to sufficiently drop the auximom 
drain voltage so is to prevent breakdown of the gate in- 
sulation. It also must be long enough thai the depletion of 
the a-Si ia not excessive; that would cause s buildup of 
charge and i rise ia V t . These issues point to t long 
On the other hand, as Lj shortens the ipace -charge- lim- 
ited current will rise more steeply with This means 
the initia l value of V t will he lower and chat improves the 
HVTFT s overall performance. There is another benefi- 
cial effect to sooner L|; because the field from the drain 
is stronger aay built-up charge is more easily overcome. 
So abort Li causes mora charge buildup, bus the initial 
value of V, is lower aad the charge is more easily over- 
come. For 400-V operation the optimum L, is in the 
neighborhood of 20 am. 

U also influences V t \ it does so because for longer L s 
the edge of the gate is farther from the source overlap 
where the channel potrntial ia held very low. A large ex- 
tension of the gate allows a reduction in the field at the 
edge and feereby a reduction ia the depletion of the a-Si. 
When £.| be com es very long there is a reduction in the 
drive current. For the eaae of 400-V operation g value of 
L y - 15 pm has beea found suitable; for longer values 
there is Utds effect on K f . 

Optimum design may therefore be considered to be the 
longest without lowering /» aad shortest L, without 
causing drain breakdown or excessive V, due » extra de- 
pletion. This can yield HVTFT'a whose V, does not ex- 
ceed 30 V under any operating condition. 

vm. FtfiLD Plats* 

Although HVTFT's have been optimized by adjusting 
Lj aad L % to have small variations in V, there is still some 
room for improvement. This improvement is achieved by 
the addition of a field place at positive potential. The field 
plate is located above the intrinsic a-Si layer covering the 
edge of die gate and part of the offset region. With this 
addition K, is reduced to very tow levels thus providing s 
very tow on-voltage for inverters, in the neighborhood of 
3 V for a 400-V inverter ' 

The structure of an HVTFT with a field plate [181 « 
shown in Fig. 14. T he ba sic design is similar to Out of 
the conventional HVTFT. £, and Li are defined in me 
same way and remain of similar lengths for the Acid-plated 
design. The field plain is described by iu extension to- 
wards the source from the gate edge F t and by ia exten- 
sion over the offset region from the gate edge F x . The 
material between the a-Si and the metal field plate is the 
passivation nitride. 150 am duck, and 1 *tcn of polyioude. 
This serves to prevent insulstor breakdown to the intrinsic 
a-Si layer. The length F\ is determined by the slignmem 
tolerance of the process. That region is needed to insure 
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(hit tin edge of the gate is always covered by the field 
plate. 

Because the field-pUte insulator it much thicker than 
the flic insulator, there ia less coupling of the p^tnntl 
from the field plate to the intrinsic »-Si layer above the 
gate. The potential of the silicon if the edges of the field- 
piatad region is strongly influenced by the pee or drain 
electrodes potential. The desirable potential for the field 
pUte can be determined simply by taking a transfer curve 
for as invener controlled by the field plate. With a resis- 
tive load on the HVTFT. connected to an appropriate sup- 
ply voltage, the gate is kept on and the voltage of the field 
plate is swept. The operating point is a voltage somewhat 
above the value at which the output of the iovener has 
fallen to its desired low v«Jue. For 400- V operation with 
L% * 25 m» and F 2 - 13 Mm an operating voltage above 
50 V is desired. 

Fig. 15 ihowt how much the field plate improves the 
performance of the HVTFT. These improvements in the 
otvvoltagc can be thought of as having two origins, both 
arising from the weak accumulation of the intrinsic a-Si 
caused by the field plate's potential. First, the weak ac- 
cumulation of the a-Si effectively shortens the offset re- 
gion, but. importantly, without greatly raising the maxi- 
mum gate field with the drain high. This effectively shorter 
L\ causes the drain current to rise faster with increasing 
*V Thereby the initial value of f, is lowered. This effec- 
tively shorter has another effect. Because the drain po- 
tential is somewhat more closely coupled to the potential 
in the intrinsic a-Si at the edge of the gate, charge there 
will have less effect than without the field plate. This 
means that for a given amount of increased charge due to 
changes in the density of states from depletion there will 
be leaa change in V t . The combination gives overall lower 
V M . both initially and after a stress. So we see that the field 
plates effect can be thought of as increasing the rate of 
rise of drain current with drain voltage and increasing the 
effectiveness of drain voltage in overcoming the "bar* 
rter'* caused by excess charge in the offset region. 

Tba operation of the field plate can be better understood 
thr ough aae of 2D simulations. We have modeled an 
HVTFT with £,, - 15 urn. - 15 Mm. F x - 2 «m. F, 
• 6 Mm. and a fleld-puue insulator of 1 >*m, and all other 
parameters the same as in the previous simulations. Fig. 
16 compares the potential in the intrinsic s-Si layer with 
the gate at 0 V, the drain at 400 v. snd the field plate at 
100 V to the potential without s field plate. One can see 
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that the field plate raises the electrostatic potential near 
the gate end of the offset region, but does not pin the po- 
tential there. This is due to the relative thickness or the 
gate insulator being smaller by a factor of three. In this 
way Lf is effectively shortened, as described above. 

The field is still dropped serosa the offset region and 
the gate insulator docs not see a particularly high field. 
There is. however, more depletion it the gate side (bot- 
tom) of the intrinsic a-Si from the fidd plate, raising the 
field st the gate end of the offset region. This will create 
more localized charge, however, the field plate raises the 
electron concentration along the top interface by several 
orders of magnitude. In Fig. 1 7 the electron concentration 
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ti the* top of the intrinsic a-Si layer is plotted versus hor- 
izonCl ; >idoo for the field-pisted tad standard HVTFT 
with K c *j 3 v, y 0 m 33 v, end Vfp » 50 V. This top 
surface repoo of exxrs conductivity said the «*H«p«-~f field 
•Dow* held-pieted transistor to easily overcome the 
extra charge "barrier." 



IX. AmjCATioN to eucrtoojunuc PUTTTlNG 
Tht HVTPT fstmc«ooa process is completely compat- 
ible with the standard low-votaege TFT process. Thli 
makes possible die simple multiplexed high-voltage in- 
verter circuit shown in Pig. IS. The puttup resistor is u 
integrated. pootpho<u»-4oped. *-Si layer, fabricated in me 
seme depotaon as the a* souice/dreu,coiitact. Low vott- 
tge TFT (Qi) a used as • pass transistor to selectively 
charge or discharge the gate capacitance of Q w The roui- 
ripiexiag scheme works by enabling ■ group of adjacent 
drivers with a single word line (Kg). Seen bit of data <?, 
to Fj is presented to the drain of each Q L to the group, 
so that when the word fine is enabled the bit is written to 
the HVTFT gate. The gate capacitance of the HVTFT is 
on the order of 2 pF and the hold times of these drivers 
easily achiev e 100 ms, due to the very lew leakages of 
the LVTFTs. For spplicarions in wide dectrognpoie 
plotters, this multiplexing scheme can be a used to switch 
s large number of drivers in a era-dimensional array. We 
have built s 12-in-wide integrated cloorograpoic print st- 
ray encompassing 4736 high-voltage drivers, at s 400- 
drivers /m pitch. 

To ensure print uniformity, the output voltage of the 
inverter in the output low state must not vary more than 
15 V serosa the array and must pull down to voltages of 
20 V or less. These point* bring up a number of design 
considerations unique to e-Si drcurtt involving HVTFT's. 
One of which is that due to equilibration effects, the gen- 
eration of craps below mid-gap cause the ON-stste thresh- 
old of an s*Si device to shift to higher voltage with use. 
This problem can be overcome by sunsoently high value 
of pullup resistor (500-1000 MO), and high drive volt- 
>l « (30 -23 V). This ensures that the thresholds of the 
HVTFT* s can shift at deferent rates for different sreas of 
me writing head and still achieve uniform print density 
over the life of the head. 

Wit h the a bove choice of operating voltages, however, 
the HVTFT is susceptible to V t shifts. As already dis- 
cussed, ere-to-tourc* ventages applied to the HVTFT that 
are well below the Asuabold of the device drive it into 
deep depletion, causing V t instability. This points out s 
weakaeas the multiplexed circu it, in t hai the exact OFF- 
sons voltage at the gam of use HVTFT is difficult to con- 
trol due to fsw athioo gh effects from the parasitic capaci- 
tance of the LVTFT pulling the gats of the HVTFT low. 
This "Hard OFF** enadrdoo is exacerbated by the up- 
werdly shifting thresholds of both devices due to the 
sforcmemiooed equilibration effects. Fortunately, with the 
use of a field piste, the desired uniformity sad low ON- 
voltagcs ean.be schieved. the V M shift can be suppressed 
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sufflcientJy to reach the desired unifdrmiry. Ftg. 19 shows 
histograms of the distribution of output low voltsgea for 
two U^iD el rrrrogjiuuic prim arrays, both arrays have 
been stressed for 3 weeks. The distribution on the right 
comes from an array without benefit of the field plate, the 
left distributee shows the output low voltages for s print 
array with field plates, both arrays have 200 drivers/in. 
As can be seen, the field place gives the desired tight (ail 
drivers within S V) attribution and the desired low voh- 
sgo (mean -4V), 

One final circuit eooaiderstion with the HVTFT device 
is due to its high gain. For the circuit of Fig. 18, adequate 
enable rimes (or "gets times'*) for charging and diseharg- 
ing the HVTFT are on the order oM3to 23 s*. However: 
the mrt^off time consoat of the HVTFT (assuming s I-QO 
pailup sod a O.I-pF output capacitance) wifl be on me 
or der of 100 jis. The gsvaHc^draia cpacitnnee of the 
HVTFT, although reduced due to the offset gate struc- 
ture, is still on the order of 0.1 pF and is rumaem to 
cause a liable MUler effect. Since moat of the rise of the 
HVTFT dram occurs after the gate time, the rising drain 
potential pulls the HVTFT gate high enough in potential 
to step the OFF mnsitioa. Thus the HVTFT is not turned 
compietery off by s single write pulse. This problem can 
be overcome by going to loepr gate times. However, an 
eiefant solution exists through the use of a cascode cir- 
cuit, depicted in Ftg. 20. In this case, the HVTFT is 
switch ed by the aeries combination of the HVTFT Q* and 
the LVTFT £i. Through current matching, the HVTFT 
can be switched by charging end discharging the gste of 
Qs though the pass TFT This circuit eliminate* the 
Miller effect by completely isolating the large voltage 
swings of d» HVTFT drain from the storage capacitance 
of the of Gf's gate. The cunew-matchmg condition in the 
OFF-state. however, can cause die source of the HVTFT 
10 na£h ***** enou (h vaiuca to cause large V M shifts if the 
HVTFT has higher leakage current than the LVTFT. This 
problem can be easily overcome through the used of s 
small region of ungated s-Sl current in parallel with Q s . 
This ungated Si ensures that the HVTFT (in the OFF- 
state) will always be biased at a point below threshold, 
since the current through tt will be determined by the 
space^harge-litnited current through (he ungated silicon. 
Bus ibove s "Hard OFF*' condition tines the current 
through the ungated Si will be greater that the leakage of 
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either device. This circuit solution also provides greater 
v i iability since the cvntn matching characteristic setup 
by the ungated Si will alwnya ensure to OFF condition si 
a poiaa juai bciow threshold, even ts the thresholds shift 
to higher value* with use. 

X. SUMMAJtT 

A technology tor HVTFT $ haa been described, tnsta- 
bUhies in/o-Kj, dcacribod by the parameter V„ arise from 
(ha creatioa of locally higher density of states. Thia in- 
stability can be conooUed by the structure of Che HVTFT 
and is very much reduced by the addhoo of a poaitiveJy 
biased field plate. The performance haa been described in 
terms of both aa an alytical and numerical model. Appii* 
cation of HVTFT* s to output driver circuits has been 
given. 
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